is the conclusion.
Nuosu Yi phonology and the syllabic nuclei
Nuosu Yi has a large number of consonants and numerous vowels. The segmental inventory in Table 1 and 2 is based on the description in Chen & Wu (1998) and Gerner (2013) . The consonants and the vowel [ɿ] in the shaded cells were the focus of the current study. The vowel [ɿ] , which is not a standard IPA symbol but used in the description of fricated vowels, is spelled as 'y' in the Nuosu Yi romanization system (called 'Nuosu Yi pinyin'). As an exploratory study, the 'y' symbol is used for representing the fricated vowel.
Nuosu Yi also has three lexical tones and one sandhi tone.
The lexical tones are low (21), mid (33) and high (55). The sandhi tone is slightly rising (34). The numbers in parentheses are a tonal system following Chao (1930) ; the lower the number is, the lower the pitch level is, and the numbers are divided into 5 levels.
Chen & Wu (1998: 271-273) report two "fricativized" nuclei ("y" and "yr" in their notation) that can co-occur with many consonants in Table 1 . These two types of nuclei require an onset and cannot form a syllable by themselves. Lama (2002) labels these vowels "fricativized vowels," making a distinction between them and consonantal "fricative vowels." It is argued that the "y" and "yr" sounds have sonority and duration profiles more similar to vowels, rather than fricative consonants, a position which our results support. Impressionistically, the "yr" nucleus has louder and higher frication noise than the "y" nucleus. The "yr" nucleus is a retroflex version of the "y" nucleus.
Gerner (2013) reports the difference between "y" and "yr" to involve creakiness, rather than retroflexion. Edmondson et al. There are no tonal restrictions with the "y" nucleus, which occurs in all three lexical tonal contexts. The "yr" nucleus, however, only occurs in the mid tone (33) context.
Methods

Data collection
Data analyzed in this paper was a part of a larger study on The sandhi tone (34) version of each syllable was not included in the recordings. The stimuli were presented in the Nuosu Yi orthography to the speaker who produced each target syllable five times in isolation. This method ensured that there was no effect on F0 from varying the prosodic position of the stimuli.
Annotation
The target sounds were separated from longer sound files findings here are necessarily generalizable over the whole Nuosu Yi population. We plan to collect speech data of multiple speakers in future fieldwork.
Targets and measurements
Syllables with onsets of six coronal fricatives and affricates [s, z, ʂ, ʦ, ʣ, tʂ] and the target sounds (the "y" nucleus and the "yr" nucleus) in the mid tone context were selected for analysis because the target sounds usually appear after these onsets.
Nuosu Pinyin notation was used for representing fricatives and Statistical results of linear regression are listed in the appendix.
Results
Acoustic properties of "y" and "yr"
In the "y" nucleus, the presence of high frequency frication was observed over the course of the nucleus. In particular, the peak frequency of fricatives continued into F2 (Soli 1981 ) as shown in Figure 2 . Compare the spectrograms of the "y" nucleus in Figure 2 with that of the high vowel [i] in Figure 3 ; the high frequency frication is absent in Figure 3 . 
F1 and F2
The linear regression models examined the relationship of retroflexion and F1 as well as F2. First, F1 was raised for "yr"
relative to "y" (β = 282 Hz, p < 0.001). Second, F2 was raised in vowels following retroflex onsets (β = 315 Hz, p < 0.001).
Third, F2 was slightly lowered for "yr" compared to "y" (β = -92 Hz, p < 0.001). Lastly, F2 was also slightly lowered in vowels following fricatives compared to affricates (β = -53 Hz, p < 0.001).
F3 and retroflexion
The linear regression model for F3 and retroflexion suggested that there was an interaction between types of onsets and the retroflexion of the nucleus (β = 179 Hz, p < 0.01) as shown in For the retroflex nucleus "yr", F3 was higher in nuclei following retroflex onsets compared with other onsets; however for the non-retroflex nucleus "y," there was no such onset effect on F3.
3.4 Lowered F0 in the "yr" nucleus
All analyzed tokens belonged to mid tone. An analysis of F0, however, showed that the "yr" nucleus had lowered F0. The range of F0 values in the middle third of the "y" nucleus was from 160 to 173 Hz, and the corresponding range in the "yr" nucleus was from 155 to 165 Hz. Figure 6 below illustrates the F0 profiles converted to semitones for all tokens of each vowel.
The semitone scale used a reference F0 of 160 Hz, which was the median F0 of all tokens. The dark and light regions illustrate the 95% confidence intervals of the F0 data, using SS Anova. The light-colored pitch track is for the "y" nucleus and the dark-colored pitch track is for the "yr" nucleus.
Discussion
F1 and F2
Nuclei with retroflexion had higher F1, indicating that the nuclei were produced with lower tongue-height than non-retroflex nuclei. This height distinction provides the basic phonological contrast between the two nuclei.
F2 was also higher when a nucleus followed a retroflex onset.
This effect of F2 was large and persisted to the middle of the nucleus. Therefore, this effect is interpreted to be a phonological one. The variation of F2 in the nucleus can be characterized as allophonic variation rather than as a coarticulatory effect. These results are similar to those reported by Lama (1998) , who also found raised F1 and lowered F2 among "tense" vowels ("yr" vowels) in Yi.
F3 and retroflexion
When the onset was retroflex, there was a larger variance in the F3 values of the retroflex nucleus. It was possible that our speaker had less reason to enhance the retroflexion in the nucleus due to the coarticulatory effect of the onset.
The lowering of F3 in a retroflex nucleus was expected and observed. However, the lowering occured to a greater degree when the onset was not retroflex because it is necessary to enhance acoustic cues since there is less contribution from the coarticulation with the onset.
Lowered F0 in the "yr" nucleus
The observed difference in F0 values between "y" and "yr" It is unlikely that the F0 difference between these two nuclei was phonological (i.e. it is not a tonal difference). For this to have been the case, a larger difference in F0 would have been expected; the measured difference was small and likely imperceptible. Future work could be conducted to determine
whether and to what extent the F0 effect was due to intrinsic vowel height or due to creakiness.
Conclusion
In conclusion, vowel retroflexion raised F1, lowering the 
